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Welcome to the QuasiElastic Neutron Spectrometer (QENS)

This user manual is meant to assist you - the QENS valued customers - to conduct
experiments on QENS. We hope to provide the accurate and current information. You are

the best person to decide if the manual is useful or needs improvements. Please contact us.

QENS Contacts

Scientific Assistant: Rob Connatser, Rm A235 Building 360
1-630-252-5762 (Office, dial the last 5 digits within ANL)

(celD

(Home, dial 7 first for outside calls)

Email: rconnatser@anl.gov.

Instrument Scientist: ~ Chun Loong, Rm C225 Building 360
1-630-252-5596 (Office)

(Home)

Email: ckloong@anl.gov

Former Visiting Scientist: Jean-Marc Zanotti
Active collaborator on QENS projects Email: jmzanotti@cea fr

QENS Passwords

Please ask us

((g@
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A Brief History of QENS

QENS is the result of a combined effort of many contributors. At the outset it has
been a user instrument. The experience of interacting with numerous users for
almost two decades has provided valuable guidance for the in-house staff to
enhance QENS scientific capabilities. Some key milestones of improvement are:

1986 QENS was commissioned following the retirement of an earlier Crystal
Analyzer Spectrometer (CAS). It featured three detector arms, housing a

total of 35 3He detectors. Only a small portion of the scattering angles was
covered at each setting. Collection of data over the full Q-range required
several measurements each conducted at a different scattering angle setting
by rotating the entire detector-arm unit.

2001 QENS was completely rebuilt and commenced user operation. It includes 22
crystal-analyzer-detector arms outfitted with cooled beryllium-filters in a
new scattering chamber. An average energy resolution (FWHM) varying
from 80 meV (elastic) to 4-5% of the energy transfer (inelastic, up to ~200
meV neutron energy loss) was realized over a wide range of wavevectors

from 0.3 to 2.5 A"L. Two additional detector clusters enabled concurrent

measurements of diffraction patterns from 0.1 to 30 A"L. Because of the
substantial reconstruction resulting in significant enhancement, we often
refer the present instrument as the “New QENS”.

2003 A supermirror, funnel guide was installed in the incident flight path
upstream of the sample, resulted in a neutron-flux gain factor of 2.5 (for

5A-neutrons at sample position).

References:

1. K.F.Bradley, S-H. Chen, T. O. Brun, R. Kleb, W. A. Loomis, and J. M. Newsam, Nucl. Instr. Methods, A270, 78
(1983).

2. R.K.Crawford, F. Trouw, and H. A. Belch, IPNS Notes No. 79 (1997), unpublished.

3. R W. Connatser, Jr., H. Belch, L. Jirik, D. J. Leach, F. R. Trouw, J-M. Zanotti, Y. Ren, R. K. Crawford, J. M.
Carpenter, D. L. Price, C-K. Loong, J. P. Hodges, and K. W. Herwig, in 16th Meeting of the Interational
Collaboration on Advanced Neutron Sources, edited by G. Mank and H. Conrad (Forschungszentrum Julich
GmbH, Julich, Germay, Duisseldorf-Neuss, Germany, 2003), Vol. I, p. 279.

4. QENS web page http://www.pns.anl.gov/instruments/qens/
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QENS Layout
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QENS Analyzer-Detector Configuration

Table 1: Parameters for the analyzer-detector arms of QENS

s [ 0|ty m] 90 | ey [P T e e
1 93.5 0.61 53.7 2.83 74 3
2 100.5 0.70 52.1 2.95 99 4
3 107.5 0.81 51.0 3.04 167 4
4 114.5 0.92 50.2 3.11 185 5
5 121.5 1.05 49.6 3.17 271 6
6 128.5 1.19 49.0 3.23 296 6
7 135.5 1.35 48.5 3.28 345 7
8 142.5 1.53 48.1 3.32 469 8
9 149.5 1.73 47.7 3.37 629 9
10 156.5 1.94 47.3 3.41 740 10
11 163.5 2.19 47.0 3.44 907 11

*Cylindrical tube: ID = 6.4mm, height = 12.7cm, He pressure = 10 atm.

Same parameters for corresponding arms at scattering angles 1 80°-¢.

Energy transfer E as a function of flight time at detector#: £ = E-E, = E,

Note that the TOF at a fixed
energy, say the elastic channel,
differ for different detector arm:s.
Therefore, it is imperative to
measure a vanadium standard for
each experiment. The vanadium
data will be used to calibrate the
energy scale for all the detectors
and to normalize the spectra
against the incident flux
distribution. Do make sure the
diffraction detectors are working

properly.
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(Q,E)-Coverage
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Sample environment

The beam size defined by the funnel guide at the sample position is 3 inches
tall by 0.5 inches wide (76mm x 12.5mm). The beam center is 12 inches below
the vacuum seal O-ring surface of the sample well. Currently, we are using the
sample cans made for the prior beam height of 4 inches.
Ancillary equipments for computer-controlled sample environments:

» Room Temperature Mount

» Instrument Displex: 10-300K

» Hot Stage Displex II: 20K-800K

» Orange Cryostat (50mm diameter bore): 1.5K - 300K

» Orange Cryostat (100mm diameter bore): 1.5K - 300K

» Howe Furnace: RT- 1100°C in vacuum

» Gas handling system for condensing gas molecules in samples

Sample geometry: cylindrical, annular, or flat-plate type. Sample cells are
usually made of aluminum alloy and sealed at one end with an indium ring.

Cylindrical cells of id’s of
0.125,0.25 and 0.6
inches are available.
Shown here are some of
the cylindrical cells for
the Displexes and
cryostats. In-situ gas
loading is possible for
cylindrical cells.

((s(;v@
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The annular cell is formed by fitting an inner cylinder into a larger one. Cells
of total thickness in the beam of 0.1, 1.0, 1.5 and 2.0 mm are available for
use of a Displex. Flat-plate cells of thickness of 0.2, 1.0 and 2.0 mm are
available for the Displexes and cryostats.

Typically, gas is delivered via a
capillary line from the gas handling
system through the Displex
mounting plate to the sample cell.
¥ nl’;r::g’gl:? Eri?r }:(o ﬁas lioilidinfi the sysi(:iem is to
;o T uRe e leak checked and pumped out

i me——— thoroughly. The gas from a known
volume at a specific pressure and
temperature is expanded into the
delivery system and absorbed into

| the sample while cooling.

!
|
|
o 3 |
a- |
W ¥
3 PN
il i i
n

=" Temperature
+ | Readout

Vacuum .
Connection
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Data Acquisition System

At present QENS is operated using a VAX station as the front-end computer
under the IPNS first-generation data acquisition system (DAS).
Communication with the VAX is usually conducted via a terminal-emulation
software (e.g, VersaTerm or Exceed) or by Telnet through the local network.
Run setup and sample environment control, etc. are entered by line
commands. Live run and data archive are viewed in a graphic window one
detector at a time. For example, dis displays the spectrum of a detector and
cvs clears the display. Do not leave the displays on unattended because over a
long period of time it may tie up the computer system and disable all
communications. Always clear the video screen display by entering cvs before
leaving the terminal.

QENS is scheduled for an upgrade to new electronics and DAS in the near
future. The new DAS - Integrated Spectral Analysis Workbench (ISAW) - is a
Java-based, platform-independent, Internet accessible, fully portable and highly
interactive software package which has been successfully in operation on some
of the IPNS modernized instruments. The new hardware will enhance the
performance and capabilities of the detectors, sample environment control,
and execution of runs.

((ﬁv@
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QENS Data Reduction & Analysis

The QENS data treatment software is based on IDL which is available via a multi-user license
for the local IPNS networked PCs. Look for the QENS User PC in the User Room which should
have the necessary data mapping and preferences set up already for analysis of QENS data.
Since the number of concurrent IDL users is limited, please do not leave IDL idle on the
computer. Exit IDL after use.

First, FTP the raw data gensxxxx.run run files from the QENS front-end computer to the PC

using WS_FTPI5LE (a shortcut on the desktop).

Type a starting string (e.g, gens 778" if you want to transfer qens7785.run), then click
the Data folder. This will enable a quick look up of the carrect runfiles

Data are store in Y:\Zanotti\Qensdata

fTﬁ'WS_FTPEIS LE gens.pis.anl.goy

=10 x|
—Local System —Remate Svsten N

|¥:\ZanottirOensdata | JUDISKL : [OENS.DATA] \ -]
= Marme | Date | Size ChgDir j M arme I Date | Size\l | ChaDir
[&] QENS7778 . RUN 031124 17:53 boal - L a -
[E] QENS7779 RUN 031124 17:53 3 tkDir [E] QENS7780 RUN. ~ tkDir
[§] QENS7780 . RUN 031124 17:53 f (& QENS7781 .RUNH;™ n=V7 8%
[fR] QENS7781 RUN 031124 17:53 & [ QENS?782 RUN.~

QENS7782 RUN 031124 17:53 3 Yiew QENS7783 . RUN:~ iew
[fR] QENS7783 RUN 031124 17:53 & [ QENS?784 RUN. ™

[§] QENS7784 . RUN 031124 17:53 f Erer [#] QENS7785 .RUNH;™ Evec
[fR] QENS7785 RUN 031125 09:39 & = @ BE n

ERAmE

QENS7786 RUN 031125 12:52 & el A
qens_geomnstry™ 020428 17:03 Delete Delete
[E] gens_tof dat 011113 13:42

QENSTEME . LOG 021022 17:02 48 _y Refresh Refresh
[ =olidnh3data.™ 020322 19:58 29 - ; -

‘J | » Dirlmfa Dirlnfa

" ASCIH ¥ Binary [ duto \

150 List started. N\ il
Feceived 814 bytes in 0.6 zecs, (1226 Kbpz], transfer succeeded | Se|ect ﬁleS and CliCk arrow |

22E Transfer completed. _vJ

Cloze I Cancel I Logwnd Help I Ophions I Ahout I E st |
Ll g === e e meeeem g = meeeeeme —

To start IDL, double click the IDL logo, type
gensh in the command window.

N‘ DL IqensH
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Select Inelastic>Read Check Inelastic Data
Raw data from the Quesh

General Menu. Enter the b

run number(s) ofsample File Edit Search | Inelatic Diffraction  Plab  Tools  Help
Read Raw data

run, select normalization | .
. . Data Marmalisakion and groupin
option and an index of the U Cota it e
i aka Fitking
structure (work space) for i
the data storage in memory.
options:
time
run numbers separated by commas monitor
. # pulses run & spectrum
empty run data will be subtracted # : -
rotons on target information of
from the sample r P 9 /
#l Read Raw Inelastic Data =10l x|
AN / I 4 /
D | B [ Momaken Jerir <] current_Ws = 2 % Qo=2.05 A1 Nerm.—Monitor
EmD‘PCa”F‘“”m Detector ID# 173 20=114.°
s |- 4 /OrKspace g 2 clotcliaens Colact clesentsSun e ko ol
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<L I k3l I | r 4
50— ICgrﬁ'EJFtII]?LIirILd?XI #. . ﬁ‘l . 390:_ 3
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detector ID . £ 200 E
I I ]
\ 110~ E E
W | 100f E
g |
sl 0 K Rl A 3
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I+ ErorBars
[#oflevels = [10 [Zmas =\\ f200 Flatit | < || 173 > I \
e - y R error bar
. . / option
adjust z-axis max & R
# contours X- & y-axis limits
double click to
select a detector for scroll through
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Calibration & Normalization of Inelastic Data

Select Inelastic>Data &l Qensh General Menu

Normalization and File Edit Search | Inelatic DCiffraction Plot  Tools  Help
grouping from the Quesh Read Raw data

General Menu. [1aka Nu:urmahsatn:un and gru:uuplng

: Daka FEGing

You may use this window many times to generate energy-calibrated, detector-efficiency-
normalized datasets in different memory workspace for further comparison or treatment later.

run numbers separated  vanadium run(s), if given, will

by commas; empty be used to normalize data
run(s), if given, will be according to detector
subtracted from data efficiencies
|Eurrent mnd[0000 |Grouped
Sample mirz) é IIEEES IHDWE Furnace, 55 zan, empty with normal air backar
Cell for Sample || e Furnace, SS e Empt}r w1t]1 normal o R I—_1_ 4000

Bx10b

W andium

Cell for Wana. II 4x10%F

Buiff
o :l for subtraction of
Cel for buffer j‘|\ buffer component

from sample

Fead it in structure | I ‘

Biad detectors list

2x104E

Intensity {A11)

ax10tE

x- & y-axis
limits setting

1x10%F

—14 -05 00 05 10 15 2.0

112131 63663, 70165167 163, 169.170.171.172 214,10,

a || 10
roup it it Structure J

/ \ \ I—I—I Pliot it
Generate spectra|from Generate spectra Scroll specira through
individual detectors in grouped according to detectors or groups
memory workspace detector arms in
memory workspace
May edit bad-detector
list to eliminate them

from data
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Convert, Integrate, and Overplot Inelastic Datasets

Select Plot>Inelastic

already grouped...
from the Quesh General

#l Qensh General Menu

File Edit Search Inelatic Diffraction | plot Tools Help
Faw Inelaskic { I00,baf) ws tof)

X

nielastic already grouped [ 300, W] vs w

Menu.

This GUI displays the previously generated datasets from memory workspace as the fulll
structure factor S(¢,E) (¢ is the scattering angle) or the vibrational density of states g(¢, E), or
S(E) and g(B) by summing over the detector groups.

load previously options:  legend
generated datasets from ctllgtggtdoigglrg ugg, datasetruntites =~ S(QE)  setting
memory workspace piay S(E) data
- 9(QE) error - smoothin
/ run # (of the first run) o(E) bars g
/ / 7 1 /
‘ Struct./lg sspfﬁy Fun # Title / Typi Stylle Errar %rs Smo;é |
4] _f EEE B B BE27  [YBC 0.2 N2+moist 200C after*&ating ta 700C [s@w x| —!— I~ ] »2 =
Bl B EEND N R ERE3 |Howe Fumace, 55 can, empty with normal air backs |S[I3,w] | —=— I 4 ] 2
[ EaaEE 5 | Hin =
LII_I HppEan B | Al _'II
4
L T
2.0x108 —
: G— 2824 £ VBC 0.2 Ni+meist 2000 after heatig
L wH—> 224 £ Howe Furnece, 53 cam, empty with
1.5x108 — \ . —
. - double click to 1
5 i display legend ] Pt |
%‘ 1.0%1g8 B i |><= 0515437
g i ] F?‘Eﬁ%f__
= i Use mouse to ]
- zoomin 1 \
5.0x100 — m cursor
I ] position
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—0.2 0.0 0.2 0.4
w { me¥ ) j
e e =l y-min & y-max
b I I ﬂ [ Intenzity Mo,
\ * control
mp 2121 |E||n.54ssn4 Tmin=_|[-242158 rnax = 2 15294e+0
# utoscale I Y.&utnw
\\ \

X-min & x-max
control

scale all curves
to same height

x- & y-axis limits setting
or autoscale
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Check Diffraction Data

Select diffraction > Read Data from the Quesh General Menu. Enter the run num-
ber and an index of the structure (work space) for the diffraction data storage in memory. Click
the “Read in Structure #” box.

A Qe ' on and a 0 Are d o i EE

Empty flat for Paracetamol 150K & below
L T T T T T TTT] T T T T T T 71T

High-angle
diffraction

Small-angle
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Cell for Sample| | |

1.0_—

Wandium

Cell for % ana.

Buffer |
Cel for bufer
\ . ! A

Read it inéructureﬂ 1 I(]‘1 1.0 10
4 | ] I 4 (A_l )

—
The spike seen here is an artifact. These plots in

Diffraction det. Inteasity (A.11.)

Hill

B (=13

o}
-

Elog-log scale is to show an overview of the
diffraction data. For detailed plot, choose 1ot > ]
’—Inelastic. .. S(Q,w) vs gasshown below ]
o E [
:
Buffer -
Cell for buffer
Read it in structure Izi Glt}_l I " :llﬂ I I s I-llclu]
b g{xt)

&1 Qensh General Menu
File Edit Search Inelakic

Diffraction BEES Tools Help

Faw Inelastic § I{CQ),kaf) vws baf)
Weloome l Idzer ] Freferences | el Inelastic already grouped § S(0,w) vs q )
Inelastic already grouped © S00,wW) wsw )
FRS Mata Badicting amnd & semmsesrmemremrs=mm P

é“o
4
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View and Overplot Diffraction Data

Previously generated
diffraction data sets from  yaiector index
memory workspace

#1 Oens visualization tool

‘ Struct. ﬂ/ zspiHasp %unﬂ Title Tupe Style Error bars Smooth ‘ =
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4 L T T T | T T T | T T T T T T | T T T ] ﬂ
- : L
: : %@
°r Double click to =
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3 g g Pritat |
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ASCII Files of Diffraction & Inelastic Data

ASCII files of S(Q), S(detector arm, E), S,,,,(E) and G, ,,,(E) are automatically gener-

ated whenever plot>.. . is executed. The files are stored in

Y:\Zanotti\QENS\datatreatment\. For example:
Marmne Size Twpe
ﬂQens_u:lifFractiun_??*‘r?-n_—.dat G91KE DATF
ﬂ Qens_diffraction_7793-n_-.dat G90KE DATF
ﬂ Qens_uZ_7743-n-.dat 1KE DATF
4] Gens_SCW_7743-n-.dat 821 KB DATF
ﬂ Qens_gw_7743-n-.dat 167 KE DATF
ﬂ Qens_elast_ink_7743-n-.dat ZKE DATF
4] Gens_uz_7743-n7743-.dat 1KE DATF
4] Gens_SQW_TT43-n7R43- dat G821 KE DATF
4] Gens_gw_7743-n7743-.dat 167 KE DATF
ﬂ Qens_elast_jnk_7743-n7743-.dat ZKE DATF
4] Gens_eff_7743.dat 14KE DATF
4] Gens_SCW_7793-n-.dat 821 KB DATF
+1Qen5 U2 77935-n-.dat 1KE DATF

Data columns: For diffraction:

g _4345,dspacing 4345,sq 4345,esq 4345,q sa 4345,d sa 4345,sq sa 4345,sgsa ns5 4345,
sgsa nsl0 4345, ha 4345,d ha 4345,sq ha 4345,sgha ns5 4345,sqgha ns10 4345,qgb 4345,
db 4345,sgb 4345

correspond to: Q (A'), d-spacing (A), S(Q), S(Q)-error, ...

and sa/ha designates the sum over the small/high-angle detectors

nsx, . . are data smooth over x points

gb, ... are rebinned data of all detectors according to the common Q values.

For inelastic data:
w (meV), d00.36A-1, e00.36A1, d10.36A1, el0.36A1 ...

correspond to E (meV), S(E) for det group O with elastic Q of 0.36 Al s(B)-err..., etc.
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